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I. PURPOSE AND SCOPE 

The purpose of this study is to determine the necessary drainage improvements and HCOC mitigation 

required for the Pepper Avenue project and proposed for industrial development.   

The scope of this study includes the following: 

 

1. Determination of points of flow concentration and watershed subareas for onsite and offsite areas. 

2. Determination of the 100-year peak storm flows based upon the post-project onsite and existing 

condition offsite areas utilizing the Rational Method as outlined in the San Bernardino County 

Flood Control Hydrology Manual. 

3. Determine the 100-year peak storm flows based upon the pre-project and post-project condition for 

the 24-hour storm duration utilizing the Unit Hydrograph Method as outlined in the San Bernardino 

County Flood Control Hydrology Manual. 

4. Determine the required underground retention facilities and outlet control structure to mitigate the 

100-year peak storm flows for the 24-hour storm duration in the post-project condition to flows less 

than or equal to the 100-year peak flow rate for existing conditions. 

5. Determine the required storm drain infrastructure to flood protect the project site for the 100-year, 

1-hour storm event.  

6. Determine the required outlet control structure to safely by-pass the 100-year peak storm event. 

7. Preparation of a hydrology report, which consist of hydrological and analytical results and exhibits. 

 

 

II. PROJECT SITE AND DRAINAGE AREA OVERVIEW 

The Pepper Avenue project is a proposed industrial building comprised of truck, trailer, car parking, 

landscape areas, an onsite storm drain system with a retention/infiltration subsurface system. The site 

is comprised of three parcels that are designated under the specific plan as community commercial with 

a total acreage of 23.70 acres; located in the City of Rialto, bounded by a vacant lot owned by State 

Sand & Gravel Company Inc to the north, a  vacant lot owned West Valley Water District facility to 

the south, a Riverside Highland Water Company facility to the east and Pepper Avenue to the west (see 

Figure 1). Just east of the Riverside Highland Water Company property is a railroad owned by the 

Southern Pacific Company. This railroad runs along the westerly bank of the Lytle Creek which is also 

the westerly limits of the floodway, and drains to the Santa Ana River. See FEMA FIRM Map number 

06071C7940J, revised September 2, 2016 (see Appendix F). 

The project site is currently on undeveloped vacant land with sparse ornamentals, grasslands and 

shrubs. The site is considered relatively flat, and generally drains in a south east direction. There are 

no offsite flows entering the site, however, roughly 4.7 acres from the northerly property drains in a 

southeast direction towards the site, flows are intercepted by an existing earthen ditch that lays more or 

less along the northerly boundary and convey flows easterly towards the railroad tracks. 
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III. HYDROLOGY 

The San Bernardino County Hydrology Manual (Reference 1) was used to develop the hydrological 

parameters for the hydrology analyses.   The rational method and unit hydrograph method were used 

for the analyses and the computations were performed using the computer program developed by Civil 

CADD/Civil Design. 

 

The rainfall depths used in the hydrology calculations for the rational method and the unit hydrograph 

method are as follows: 

 
 

 

 

 

 

 

 

The rainfall depths were obtained from NOAA Atlas 14, which has been included in Appendix F.   

 

The existing soil classification for the area consists of Hydrologic Soil Group “A”, as shown in 

Appendix F; it is a Soils Map obtained from the USDA Websoil Survey. For 100-year storm events, 

Antecedent Moisture Condition (AMC) II was utilized. 

 

The hydrology utilized the following land use covers: 

 

Land Use Cover Runoff Index Number     

(Soil “A”) 

Pervious Ratio 

Urban Covers – Residential or 

Commercial landscaping 

32 1.0 

Commercial 98 0.1 
 

The pre-developed rational method analysis was analyzed as “Urban Covers – Residential or 

Commercial Landscaping”. In the post-development condition, the undisturbed area was analyzed as 

“Urban Covers – Residential or Commercial landscaping”, while the proposed improvements were 

analyzed using “Commercial” covers.  

 

Rational Method Analyses 

 

The Rational Method analysis for both the existing and proposed conditions considered a single 

watershed area designated as “A”, and on offsite watershed area designated as “X”. Both watersheds 

are tributary to the Lytle Creek. Which ultimately discharges into the Santa Ana River. 

 

The Rational Method Analysis results are shown in table on the following page: 

 

 

Storm Event & Duration Rainfall (inches) 

2-Year, 1-Hour 0.637 

2-Year, 6-Hour 1.61 

2-Year, 24-Hour 2.94 

100-Year, 1-Hour 1.64 

100-Year, 6-Hour 3.74 

100-Year, 24-Hour 6.86 
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Unit Hydrograph Analyses 

 

To determine the increased runoff mitigation required for the project, a Unit Hydrograph calculation 

was performed for the existing and the proposed onsite conditions. For the existing and proposed 

conditions area “A” was analyzed. 

 

The unit hydrographs were performed using a lag time that was calculated by the following formula: 

 

Lag (hrs) = TCRM (hrs) x 80%, where TCRM is the corresponding rational method time of concentration. 

 

The pre project unit hydrograph calculations utilized urban residential or commercial landscaping good 

cover, with a pervious ratio of 1.0 was used for conservative purposes. The post project condition 

perviousness was calculated using a unit area method to determine the average perviousness for each 

subarea. 

 

The following tables summarize the unit hydrograph calculations: 

 

WATERSHED 

AREA
STORM EVENT

EXISTING 

PEAK Q (CFS)

PROPOSED 

PEAK Q (CFS)

EXISTING TOTAL 

VOLUME (AF)

PROPOSED 

TOTAL 

VOLUME (AF)

100 26.33 76.78 1.95A 12.05

TABLE 2. UNIT HYDROGRAPH VOLUME ANALYSIS 

 
 

 

 

 

 

 

 

IV. HYDRAULICS 

The project will utilize a combination of surface improvements, subsurface storm drain, drainage inlets, 

swales, and gutters to collect and convey peak flows to an underground detention system. The mitigated 

storm volume is defined as 95% of the total proposed volume for the 2-year storm, minus the total 

volume of the existing 2-year storm. The outlet control structure will mitigate for both the water quality 

volume and the mitigated 2-year storm volume. Flows in excess of the mitigated 2-year storm will pass 

through the outlet control structure (weir) to control and mitigate storm flows not to exceed the HCOC 

WATERSHED 

AREA

STORM EVENT 

(1-HOUR)

EXISTING 

CONDITIONS  

Q (CFS)

PROPOSED 

CONDITIONS 

Q (CFS)

DELTA Q(CFS)

A 100 21.40 75.50 54.10

  TABLE 1. RATIONAL METHOD - ONSITE                                                              

(Q100 YEAR, 1-HOUR)
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maximum allowable discharge (See Table 3). All storm flows in excess of the 100-year storm will be 

bypassed using a rectangular weir structure and convey the overflow into its natural drainage course, 

through the culvert system to the east of the project and ultimately into the Lytle Creek. 

The offsite area “X” to the north of our project will not make it onsite and will instead bypass the onsite 

flows. During the existing condition an offsite earthen swale was picking up the flows to the north and 

conveying them to the east where the flows would exit the project limits and sheet flow to the Lytle 

Creek. In the proposed condition this earthen swale was regraded in order to improve channelization of 

flows but still maintained its natural drainage course and tributary area. The offsite bypass system is 

being proposed in order to maintain the original drainage patterns and to not comingle the offsite and 

onsite storm drain flows. 

For preliminary purposes, two inlets will collect the 100-year peak flow for the developed condition 

and a storm drain system will convey these flows into a pair of underground detention basins. The 

proposed underground detention basins are set at the same invert elevation and connected via an 

equalization pipe. The equalization pipe will be designed to have a high point in order to ensure the 

water flows into the detention basin in cases of flows in excess of the 100-year storm. A 36” outlet pipe 

was sized in order to handle the 100-year peak flow in the event that it by-passes the underground 

chambers. A proposed outlet structure will mitigate and restrict flows in excess of the 2-year mitigated 

volume to the maximum mitigated storm drain flow rate to its natural drainage course, through a culvert 

system to the east of the project and ultimately into the Lytle Creek.  

 

V. INCREASED RUNOFF MITIGATION 

The project site will utilize an underground detention system to mitigate flows for increased runoff. 

This system will also serve as the water quality treatment facility for the project site. The water quality 

calculations and discussion have been provided in the Water Quality Management Plan. The required 

water quality volume for the project site is 112,165 ft3 (5.54 acre-ft), and the calculation for the Design 

Capture Volume (DCV) has been included in Appendix E. 

To store the required water quality volume, infiltrate the volume and mitigate for increased runoff, the 

underground infiltration and retention chambers are set at 7.0 feet deep with a bottom elevation of 

1264.8. 

Infiltration testing will be performed within the proposed basin location, and referenced as Detention 

System “A”. The area in Detention System “A” provides a rate of approximately 3.9 in/hr, which is the 

recommendation from the geotechnical report,  and after applying a safety factor in accordance with 

the technical guidance manual, the design infiltration rate is calculated to be 0.80 in/hr, this rate was 

utilized in the design of the chamber system. A worksheet has been included in Appendix F. To 

determine a flow rate through the soil that could be utilized in the basin routing calculations (to be 

performed in the final engineering phase), the infiltration rate was multiplied by the bottom surface 

area of the subsurface underground infiltration and retention system. The bottom surface area of the 

infiltration system is 31,784 ft2, converting the calculated design infiltration rate to the appropriate units 

and multiplying by the surface area, the equivalent flow rate for the infiltration system is 1.32 ft3/s. 

This flow rate will be utilized in the basin routing analyses during the final engineering phase. 

 

Since the water quality volume (DCV) must infiltrate through the detention system bottom, the 

underground detention outlet structure did not include outlets below the DCV and the hydrologic 

conditions of concern (HCOC) retention required volume elevations. This would allow the water 

quality volume to pond and infiltrate through the soil. In addition, the proposed development must also 
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provide flow rate and volume reduction as mitigation to meet the HCOC requirements. Storm flows 

above the HCOC retention required volume will be released, and the discharge flow rates will be 

metered using an outlet control structure so they do not exceed the HCOC maximum allowable; except 

that the 100-year frequency storm event as previously noted will safely by-pass through the control 

structures and emergency spillway. The following section provides more detail on how the HCOC flow 

rate and volume are being estimated. 

 

Stormwater mitigation information for watershed “A” can be seen in the table provided below: 

 

WATERSHED 

AREA
STORM EVENT

EXISTING PEAK  

Q (CFS)

EXISTING TOTAL 

STORM 

VOLUME (AF)

PROPOSED 

PEAK Q (CFS)

PROPOSED TOTAL 

STORM VOLUME 

(AF)

**HCOC 

MAXIMUM 

ALLOWABLE 

DISCHARGE 

(CFS)

*HCOC 

RETENTION 

REQUIRED 

VOLUME (AF)

PROPOSED 

MITIGATED 

DISCHARGE (CFS)

U/G 

RETENTION 

VOLUME (AF)

STORM 

CAPTURE

*PER WQMP FORM 4.2-3. VOLUME REDUCTION REQUIRED TO MEET HCOCS = 180,880 FT3

** PER WQMP FORM 4.2-5 (ITEM 14) - (ITEM 15) = MAXIMUM FLOW RATE DISCHARGE TO MEET HCOC'S

A

TABLE 3. UNIT HYDROGRAPH VOLUME ANALYSIS

100%5.545.56 9.412 4.61 0.49 27.35 4.89 4.16

 

 

The total mitigation volume required for watershed area “A” was determined per the WQMP form 4.2-

3, volume reduction required to meet HCOC’s. The required retention volume for HCOC’s was 

calculated by subtracting the 2-year, 24-Hour existing condition storm total volume from 95% of the 

total 2-year, 24-Hour proposed condition storm volume (see Table 4). The maximum discharge flow 

rate for HCOCs was determined per the WQMP form 4.2-5 by subtracting item 15 form item 14.  We 

then selected the flow rates from the recess limb of the proposed unit hydrograph runs that are equal or 

less than the “HCOC Retention Required Volume”; and they were compiled and shown in Table 4 

under the “Mitigated Discharge” column. The proposed underground detention system has been sized 

to accommodate this volume which corresponds to the “HCOC Retention Required Volume” column 

from Table 4 (e.g. underground retention system V= 5.54Acre-ft), thus a conservative approach. 

 

 

 

 

 

 

 

 

 

 

 

VI. FINDINGS 

The hydrology analyses evaluated the proposed development to determine the necessary drainage 

improvements required to mitigate flows for increased runoff. It has been concluded that: 

 

1. The proposed drainage facilities will adequately convey the 100-year flows and provide flood 

protection to the project site. 

2. The proposed retention/infiltration subsurface system will adequately mitigate for water quality 

and increased runoff. 
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